universally accepted as indications for ICU admission and are the major criteria recommended by the Infectious Disease Society of America/American Thoracic Society guidelines (IDSA/ATS) [8, 9] .
There is, however, a group of patients with severe disease who do not immediately meet the major criteria on admission but are at high risk of deterioration and subsequent ICU admission or death [6, [10] [11] [12] . Several recent studies have suggested that patients admitted ''late'' to the ICU are at increased risk of death [7, [10] [11] [12] . A tool to identify this group of patients and therefore guide ICU admission would be valuable.
It is known that the majority of deaths from CAP occur in elderly patients with multiple comorbid conditions [13] . Such patients often have treatment restrictions, such as do-notattempt-resuscitation orders in place that make admission to an ICU inappropriate [14] . Consequently, scoring systems that predict 30-day mortality often incorporate age and comorbid conditions and therefore do not predict ICU admission with the same accuracy [15, 16] .
As a result, the IDSA/ATS guidelines have suggested alternative ''minor'' criteria to guide ICU admission [9] . It is suggested that patients with $3 high-risk features on admission should be admitted to an ICU [9] .
Although a few studies have now validated the IDSA/ATS criteria in patients with CAP [6, 10, 17] or pneumococcal pneumonia [18, 19] , the value of the minor criteria alone has not been fully established [6, 10] .
The aim of this study was to determine the accuracy of the IDSA/ATS 2007 minor criteria for predicting ICU admission or requirement for MV/VS in a population of hospitalized patients with CAP without contraindications to ICU care.
METHODS
This was a prospective observational study of unselected adult patients presenting to NHS Lothian Hospitals (Scotland, United Kingdom). The study was approved by the Lothian Research Ethics Committee.
Inclusion and Exclusion Criteria
Patients were included in the study if they presented with a new radiographic infiltrate and had $3 of the following symptoms or signs (cough, sputum production, hemoptysis, breathlessness, fever, pleuritic chest pain, or signs consistent with pneumonia on physical examination). Exclusion criteria included hospitalacquired pneumonia, systemic immunosuppression, radiographic changes due to lung cancer rather than pneumonia, human immunodeficiency virus infection, solid organ transplant, and pulmonary tuberculosis.
In addition, for the purposes of this study, we excluded the following groups of patients, to whom a scoring system designed to guide ICU admission would not apply:
1. Patients requiring MV/VS in the emergency department. This universally accepted as indication for ICU admission, and all of these patients were admitted to the critical care unit in this study.
2. Patients with do-not-attempt-resuscitation orders or for whom instructions were given that ICU admission would be inappropriate.
This limited the analysis to a cohort of patients without major criteria for ICU admission but who were eligible for ICU admission if required.
Clinical Management
All included patients presented to the emergency department at the study hospitals with suspected CAP. Patients were assessed as quickly as clinically indicated by emergency department or internal medicine physicians within 4 hours of arrival, in accordance with national guidelines. Medical staff completed a standard hospital admission pro forma that included age, sex, comorbid illnesses, current medication use, initial observations, and the results of standard blood tests. ICU admission decisions at the study hospital are at the discretion of the attending physicians, based on the immediate requirement for MV/VS (major criterion; absolute indication for ICU admission) or a high likelihood of requirement for these interventions within 24 hours. In the absence of major criteria, no scoring systems are currently used to guide ICU admission decisions in the study hospitals.
Limitations to Care and Do-Not-Attempt-Resuscitation Orders
The standard admission pro forma included a requirement for the admitting physician to document limitations to care and resuscitation status for all patients. Only these initial treatment limitations were used to exclude patients from the study. Because pneumonia severity scores were designed for use on admission in the emergency department, later decisions to withdraw treatment due to futility, in patients without initial treatment restrictions, were not recorded or used as exclusions for this study.
Physicians were required to document the reason for treatment restrictions in 1 of 3 categories: (1) treatment is unlikely to be successful due to comorbid conditions; (2) successful treatment would not be of overall benefit to the patient; or (3) cardiopulmonary resuscitation or treatment is not in accordance with a valid advanced directive or patient decision to decline treatment.
Severity Scores
The IDSA/ATS 2007 criteria were calculated as described. The Pneumonia Severity Index (PSI) and CURB65 were calculated as described elsewhere [15, 16] , along with 3 alternative scoring systems that have been advocated to guide ICU admission: the SCAP score [20] , SMART-COP [21] , and the 2001 ATS minor criteria [8] . To calculate performance characteristics, the recommended cutoffs for ICU admission or ''high risk'' were used: CURB65, $3; PSI, $4; SCAP score, 1 major criteria plus $2 minor criteria; SMART-COP, $3; and 2001 ATS minor criteria, $2. To calculate the alveolar partial pressure of oxygen/ fraction of inspired oxygen (Pa0 2 /Fi0 2 ) ratio in the small percentage of patients without arterial blood gas measurements, we applied a recognized conversion equation based on oxygen flow rate (liters per minute) multiplied by 0.03 3 0.21 [22] . To calculate the IDSA/ATS minor criteria, a systolic blood pressure ,90 mmHg requiring fluid resuscitation without immediate need for vasopressor support satisfied the criterion for hypotension. To calculate severity scores, missing data were assumed to be normal, in accordance with the methodology of previous studies [14] . Less than 0.1% of data were missing for calculation of severity scores, and no values were missing for calculation of the IDSA/ATS criteria. Severity scores were calculated independently by 2 investigators from admission data, and investigators were blinded to patient outcomes when calculating severity scores.
Outcomes
The definition of severe CAP remains a subject of debate [23] .
To account for this, we analyzed both admission to the ICU and requirement for MV/VS support as primary outcomes [24] . The secondary outcome was all-cause 30-day mortality.
Statistical Analysis
Analyses were conducted using SPSS software (version 13 [25] . Differences were considered significant at P , .05.
RESULTS

Patients Excluded Because of Treatment Restrictions
The study excluded 563 patients owing to treatment restrictions, 429 because of comorbid condition (cardiopulmonary resuscitation or ICU level care inappropriate as unlikely to be successful). In this category, chronic lung disease (25.2%) and chronic cardiac disease (24.7%) were most common, followed by advanced malignancy (17.9%). In 20.7% of cases, the underlying comorbid conditions were not reported or more than one was recorded. In 109 cases, the reason was classified as ''successful treatment would not be of overall benefit to the patient.'' These patients were predominantly patients with poor premorbid functional status, advanced cognitive impairment, and/or poor quality of life; 25 decisions were documented as due to a valid advanced directive or patient decision. Ninety-four (16.7%) of these excluded patients met the IDSA/ATS minor criteria for ICU admission.
Patient Population
The final cohort consisted of 1062 patients. The flow of patients through the study and exclusions are shown in Figure 1 . Table 1 shows the characteristics of the included patient population. Of the study cohort, 25.8% had $1 of the major comorbid conditions listed in Table 1 , and 44.3% had no previous major health problems recorded. The overall 30-day mortality rate was 4.5%, and 7.6% of patients subsequently required ICU admission. Of these patients admitted to the ICU, 86.4% required MV/VS during their admission. The median length of stay for the overall cohort was 5 days (IQR, 2-10 days).
In patients admitted to the ICU, 51.9% were admitted from the ward to the ICU in the first 24 hours after admission, 29.6% were admitted within the first 3 days, and 14.8% were admitted between days 3 and 7. Only 3 patients were admitted to the ICU .7 days after admission. Among those admitted to the ICU in the first 24 hours, the median time to commencement of MV/VS was 15 hours (IQR, 11-19 hours). Overall, the median time to commencement of MV/VS was 2 days (IQR, 1-3 days). Among those admitted after .24 hours to the ICU, 61.5% met the IDSA/ATS criteria on admission to hospital.
Eleven patients (13.6%) were admitted to the ICU and did not require MV/VS during their hospital stay, 4 (4.9%) received no intervention other than invasive monitoring and resuscitation, and 7 (8.6%) received noninvasive ventilation without requiring mechanical ventilation.
Validation of the Individual Components of the Infectious Diseases Society of America/American Thoratic Society Criteria
Each of the 9 minor criteria were examined for their ability to predict MV/VS during admission and to predict 30-day mortality in this patient group. The results are shown in Table 2 . Each of the minor criteria was associated with increased requirement for MV/VS and 30-day mortality in univariate analysis.
Validation of the Infectious Diseases Society of America/ American Thoratic Society 2007 Minor Criteria for Predicting Need for Mechanical Ventilation or Vasopressor Support
A total of 207 patients (19.5%) had $3 minor criteria. The rates of MV/VS rose from 0% for patients with 0 minor criteria to 2.1%, 3.9%, 13.3%, and 38.7% for patients with 1, 2, 3, or .3 minor criteria, respectively. Each scoring system was assessed for its ability to predict MV/VS. The IDSA/ATS minor criteria had the highest AUC, 0.85 (95% confidence interval [CI], 0.82-0.88). The performance characteristics for each score are shown in Table 3 . For the prediction of ICU admission, the results were similar to those for MV/VS (see table 4 ). As above, the IDSA/ATS criteria had the highest AUC, along with SMART-COP. The differences in AUC were statistically significant compared with results for PSI, CURB65, CRB65, the SCAP score, and the 2001 ATS criteria.
As with MV/VS, the rates of ICU admission for patients with few IDSA/ATS minor criteria were low (0%, 2.9%, and 4.9%, respectively, for patients with 0, 1, or 2 minor criteria), rising to 14.1% for patients with 3 and 44.1% for patients with .3 criteria.
Value of Severity Scores for Predicting 30-Day Mortality
For the prediction of 30-day mortality, the PSI had the highest AUC, 0.81 (95% CI, 0.78-0.85). The IDSA/ATS minor criteria had moderate predictive value-0.78 (95% CI, 0.74-0.82)-not significantly different from that for PSI (P 5 .5). The IDSA/ATS minor criteria were equivalent to all other severity scores for prediction of 30-day mortality in this patient group. These results are shown in table 5. The receiver operator characteristic curves for the IDSA/ATS 2007 minor criteria and prediction of MV/VS, ICU admission, and 30-day mortality are shown in Figure 2 .
DISCUSSION
This study has validated the minor criteria proposed by the IDSA/ATS guidelines for predicting requirement for ICU admission [9] . These criteria are designed to identify a group of patients who do not immediately require MV/VS but who are nevertheless at high risk of complications and mortality. Evidence from observational studies suggest that patients transferred ''late'' to the ICU and subsequently requiring MV/VS have a worse mortality rate, arguing that more of these patients should be initially treated in the ICU from admission [6, [9] [10] [11] [12] .
This study suggests that the minor criteria correctly identify a significant proportion of these patients as high risk [8, 20, 21] . The minor criteria compared favorably with alternative scoring systems, although these differences are unlikely to be of major clinical significance, because the differences in positive or negative predictive values and likelihood ratios were small. None of the scoring systems achieved a positive likelihood ratio of .10 or a negative likelihood ratio of ,0.1, which is regarded as providing robust prediction [26] . Furthermore, none of the prediction tools achieved sensitivity or specificity of 100%, indicating that these scoring systems should only be used alongside clinical judgment [27] . An important recent review of the concept of severe CAP concluded that current severity scores were unable to deal with the complexity of managing severe CAP and could therefore be useful only as a guide to aid clinicians in identifying patients at increased risk [28] .
Our results are similar to those of Phua et al, who showed good performance of the minor criteria for prediction of hospital mortality [10] . In addition, a retrospective study by Brown et al compared the predictive value of the IDSA/ATS criteria with those of a number of scoring systems, including SMART-COP and the SCAP score [6] . They found similar overall predictive value for these different systems, despite some differences in sensitivity. Importantly, however, this study did not exclude patients unsuitable for ICU care [6] .
It has been suggested that including the major criteria artificially inflates the value of IDSA/ATS criteria [29] . Because the major criteria require physicians to identify that a patient needs MV/VS, they are not truly predictive [29] . Therefore, it is important to individually validate the minor criteria, which have the potential to be more useful. Similar studies by Liapikou in a cohort of unselected patients with CAP and studies by Kontou and Feldman et al in patients with pneumococcal pneumonia have examined the ''predictive'' accuracy of the IDSA/ATS criteria but without considering major and minor criteria separately [17] [18] [19] . NOTE. Confidence intervals are in parentheses. AUC, area under the receiver operator characteristic curve; CURB65, confusion, urea .7mmol/L, respiratory rate $30/min, systolic blood pressure ,90mmHg and/or diastolic blood pressure # 60mmHg, age $ 65 years; CRB65, confusion, respiratory rate $30/min, systolic blood pressure ,90mmHg and/or diastolic blood pressure # 60mmHg, age . 65 years; IDSA/ATS, Infectious Disease Society of America/American Thoracic Society; NLR, negative likelihood ratio; NPV, negative predictive value; PLR, positive likelihood ratio; PPV positive predictive value; PSI, Pneumonia Severity Index; SCAP, severe community-acquired pneumonia score; SMART-COP, systolic blood pressure, multilobar chest x-ray involvement, albumin, respiratory rate, tachycardia, confusion, oxygenation, arterial pH.
a P values refer to comparison with IDSA/ATS minor criteria; NA, not applicable. NOTE. For each tool, the performance characteristics displayed are those suggested by the authors to indicate ''severe CAP'' or the requirement for intensive care unit admission. Confidence intervals are in parentheses. AUC, area under the receiver operator characteristic curve; CURB65, confusion, urea .7mmol/L, respiratory rate $30/min, systolic blood pressure ,90mmHg and/or diastolic blood pressure # 60mmHg, age $ 65 years; CRB65, confusion, respiratory rate $30/min, systolic blood pressure ,90mmHg and/or diastolic blood pressure # 60mmHg, age $ 65 years; IDSA/ATS, Infectious Disease Society of America/American Thoracic Society; NLR, negative likelihood ratio; NPV, negative predictive value; PLR, positive likelihood ratio; PPV positive predictive value; PSI, Pneumonia Severity Index; SCAP, severe community-acquired pneumonia score; SMART-COP, systolic blood pressure, multilobar chest x-ray involvement, albumin, respiratory rate, tachycardia, confusion, oxygenation, arterial pH.
a P values refer to comparison with IDSA/ATS minor criteria; NA, not applicable. This study is therefore, to date, unique as a prospective study comparing the predictive accuracy of the minor criteria with that of other proposed scoring systems in a population of patients without major criteria but for whom ICU admission would be appropriate. This is the population to which the IDSA/ ATS minor criteria (and other scoring systems, such as SMART-COP) were intended to be applied. Although we regard this as a strength of the study, it may also limit the generalizability of these results. After exclusion of patients with treatment restrictions, the study population was younger and had a lower frequency of chronic comorbid conditions compared with other study populations in the literature. Consequently, the mortality rate was also lower than those reported elsewhere. This is consistent with other reports that the majority of deaths from CAP occur in patients with treatment restrictions and occur outside the ICU [13] . Practice in regard to do-not-attempt-resuscitation orders and ICU admission criteria are likely to vary significantly in different healthcare systems, further limiting the ability to generalize these results. The United States, for example, has 7 times as many ICU beds per capita as the United Kingdom, and therefore elderly patients with comorbid conditions are significantly more likely to be admitted to ICU in the United States [30] . In a recent systematic review, we observed that CAP scoring systems performed differently in the United States than in Europe because the ICU admission rate was significantly higher in the United States [31] . There are now several scoring systems designed to guide ICU admission in patients with CAP [8, 20, 21] . It is reassuring that these scoring systems contain many of the same clinical parameters, with acidosis, systolic blood pressure, respiratory rate, uremia, confusion, hypoxemia, and multilobar infiltrates featuring in each of the derived scores. The abundance of severity criteria, however, reveals the lack of consensus over which patients should be initially treated in the ICU.
The IDSA/ATS minor criteria have several potential advantages over the alternative scoring systems aside from the higher AUC reported in this study. The variables recommended by these criteria are well recognized in the literature as indicative of high risk [3, 6, [9] [10] [11] [12] . The minor criteria system awards a single ''point'' to each variable, with $3 indicating the potential need for ICU care. In terms of simplicity this compares favorably with alternative criteria that award different points for different variables or use different cutoff points dependent on age [20, 21] . Simplicity is important for implementing any severity criteria into clinical practice and is one of the major reasons that the CURB65/CRB65 score has achieved widespread acceptance [32] . The IDSA/ATS criteria also have the advantage of being based entirely on clinical, laboratory, or physiologic findings rather than age or comorbid conditions.
The IDSA/ATS rule may now be regarded as a ''level 2'' clinical prediction tool according to the classification system of McGinn et al [33] . This indicates a scoring system that shows good predictive accuracy in a number of different validation studies examining different patient cohorts [33] . It is recognized, however, that ultimately prognostic tools are only useful if they can have a positive effect on clinical practice. The PSI has been shown to increase the proportion of patients treated in the community [34] , whereas CURB65 has been shown to improve antibiotic prescribing when used as an objective measure of severity [35] . No such ''impact analysis'' exists for a severity prediction tool with respect to ICU admission. Ideally, a randomized study should be performed to evaluate the benefits of early ICU admission in patients with $3 minor severity criteria.
An ideal scoring system for severity assessment for CAP should ideally predict both 30-day mortality and the requirement for MV/VS. It should be simple and easy to remember in a busy emergency department and should function equally well across a number of patient groups, being based on physiologic derangement and organ dysfunction rather than age and comorbid conditions [24] . The IDSA/ATS 2007 minor criteria are not perfect and require additional impact and validation analyses but seem to be the scoring system closest to achieving these goals so far; we conclude that they accurately predict requirement for MV/VS, ICU admission, and 30-day mortality in patients with CAP.
